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This report ivas the result of an assigment to make a geologic 
reoomaissnace of the headwaters of Coldwater River in northwest 
Mississippi, on which a site for a flood control dam had been made.
At the time of the last field work in November, 1940, the boring 
program for borrow areas and for foundation had been completed.
The Sardis dam on the Little Tallahatohie River, some 35 miles 
southeast of site for the Arkabutla dam had been recently completed, 
it being the first of several designed for flood control purposes 
in the Yazoo baisn, Mississippi. This was a hydraulic fill dam, 
having available nearby sufficeint quanities of fine clay materials 
for relatively impervious core, naturally plastic; but with coarse 
material forming shell of dam for stability.
This type of construction, with impervious core and coarser 
shell would have been preferred at the Arkabutla site, but the ranges 
of soil types would not permit such chcbice, all material being nea.rly 
of same grain size.
At this time, I was working with the U. S. Engineer Offioe, Vicks­
burg, Mississippi, (Soil Seotion), under the direction of Mr. "William 
H* Jervis, Engineer*,. It was at his suggestion that report was brief­
ly summarized and details given in an appendix, due to the fact that 
he had found at times, engineers had not read or studied his reports 
on foundations, but would digest a summary. Hence the arrangement 
of the material.
Through official channels, this report reached the District En­
gineer, Vicksburg,District; the President of the Mississippi River 
Cammisson, (Brig. General Max C. Tyler and the Chief <£ the Engineers, 
"Washington, D. C., and was in pant responsible for the beginning of 
geologic investigation of the Lower Mississippi Vallpy, July, 1*, 1941
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1.
GEOLOGICAL RECOMNAISSAKCE of HEADWATERS ofuCOLDWATER RIVER & ARKABUTLA 
DAMSITS, MISSISSIPPI.
To* Mr. Forman R. Moore, Engineer, Chief, Design Section, U. S. Engin­
eer Office, Vicksburg, Mississippi.
1* PURPOSE: The purpose of this report is to show the relation
of geology of dam sites, to the design of dams situated within the 
area of inter-glacial terrace deposits. The Arkabutla dam site 
and reservoir lie vd.th.in this region.
2. SCOPS; The body of this report dea.ls with the location of 
the Arkabutla dam site and its relationship to the surrounding topo­
graphy and underlying terrace deposits. Appendix I deals briefly 
with the origin of these deposits, mode of deposition and with their 
drainage pecularities.
3. AREA IITVESTIGATED: The region under consideration in this
report extends eastward from the eastern escarpment of the Mississippi 
River floodplain to the west line of Range 5 West; and from the town 
of Rashit on the north, south to Senatobia, Mississippi. The area 
comprises about 440 square miles and is approximately that covered by 
the map of the Arka,butla Dam, Project Location, Sheet 1; .scale 
1;48,000 (Plate I). Drainage outside this area was also studied
as it has an important bearing on the discussions of this region.
4. SOURCES OF IKFORHATIOl'I AMD ACKNOY/LSDGSHSNTS : References,
several of which are cited are shown at end of report. They are num- 
bered in chronological oi’der and referred to by numbers where quoted. 
Field work was done in September 1939, and ITovember, 1940.
5. Doctors R. J. Russell and Harold IT. Fisk of the School of Geol­
ogy, University of Louisiana have developed the means of locating the 
drainage patterns on the terrace surfaces and have given names to the
2drainage peculiarities. Of the two# Fisk has been the more active in 
the field and his method of mapping the terrace deposits has been used. 
On the figures accompanying this report^ initials are shown in paren­
thesis of the one who first named the drainage peculiarities. Dr. Fisk 
gave much of his time for advise and guidance in the preparation of 
the report, maps and profiles.
6. TYPE OF SURVEYS The survey was a geologic reconnaissance, est­
ablished from the construction of geologic profiles along road nets.
A surveying aneriod was used in establishi g most profiles and was 
checked against benchmarks. Other profiles were made directly from the 
United States Geological Survey, ’’Horn lake”, & ’’Crenshaw” quadrangles 
which cover the western half of the area. Every cane was taken to 
assure as accurate elevations as possible and they are thought to be 
less than 5 feet plus or minus. Geologic sections shown on profiles, 
together with gravel and Tertiary contacts were taken from outcrops 
and locations made by means of speedometer readings. Sections shown 
are from logs of borings made for the design of the dam by the U. S., 
Engineers, Vicksburg, Miss., Office and from 6ther sources, are also 
included on profiles where surface information was lacking. These logs 
proved to be valuable checks against surface sections
7» APPENDIX I gives a brief decsription of the historical and 
structural geology of the Mississippi River finbayment as a whole. It 
describes the Glacial Stages and their effect of the building of the 
Recent alluvial floodplain, and of the terrace formations in which the 
Arkabutla damiste is located.
8. GENERAL DESCRIPT ON OF THE ARV ' : PHYSIOGRAPHY & TOPOGRAPHY: The 
drainage baisn of the Coldwater River lies in what is known as the 
’’Loess or Bluff Hills’’ physiographic region of Mississippi. The east 
edge ox the Mississippi River floodplain is limited by these bluffs*
3.
which capped with a mantle of loess, are practically continuous from 
beyond the Tennessee line on the north, into Louisiana-on the south.
The topography is that of a loess type, characterized by pronounced 
hills with steep slopes, narrow flat topped ridges and narrow inter­
vening valleys. In numerous places, the slopes of the hills have 
been so minutely dissected by erosion, they resemble the bad lands of 
the west. The reconstruction of the hill topography, from profiles 
drawn across the flat topped ridges, tending norsal ar- parallel to 
the Mississippi River floodplain , presents two widespread surfaces 
separated by a winding escarpment.
9. The higher of these two surfaces exceeds 400 feet in elevation. 
The lower surface ranges in elevation from about 300 to 320 feet.
This surface forms to the top of the escarpment v/ith the Mississippi 
River floodplain, which latter ranges from about 185 feet on the south­
ern end and about 210 feet in elevation above sea level on the north­
ern part of the area studied. This surface also extends along main 
stream valleys into the terrain of the higher surface. In addition 
to these two 'videspread surfaces, a still lower terrace surface, (elev. 
240 to 280 feet) and about 40 feet above the floodplain, extends up 
the valley of the Coldwater River and its tributaries into the terrain 
of both higher surfaces. See plate 2 for schematic East-West geologio 
sect‘on showing generalized relationships of the several terrace for­
mations. Plate I. shows areal geology. ’ Plates 3 & 4 show actual geo­
logic road profiles, locations of which are shown on Plats 1-A.
DRAINAGE: The headwaters of the Coldwater River sise in Township
3 South, Range 1 West in Marshall County, northern Mississippi nnB 
flow slightly nor^h of west to near the town of Barton. The stream 
then turns almost due southwest to about 3 miles west of the town of 
Coldwater, where it sv/ings northwest to the site of the dam and then
4,
. turns south in the Mississippi River floodplain to unite wi h the Little 
Tallahatchie Fiver. The main tributaries are Hurricane Creek which rises 
near Uesbit and flows southwest d south to join Cub Lake Bayou, just 
above che dam site. Pigeon Roost Creek and Beartail, both of v.»hich flov/ 
we sternly direction from their sources, cvth meet the Coldwater several 
miles aoove the town of the same name. Hickahala Creek has its source 
east of the town of Senatobia, flows we ternly to enter tl e town and 
tnen northwest to about 3 mil^s west of Coldwater where it meets the 
river. The main tributaries of the Coldv/ater River may e divided into 
two systems, each of v/hich is restricted to a particular terrace ( ‘late 
• The tributaries which ar^ essentially restricted to the lower 
terrace are as follows: Cane Creek, Lius sacuna and Hurricane Creeks.
The tributaries v/hich are restricted to the higher terrace are Iich— 
ala, Beartail, Pigeon Roost, Short, Camp and Grays Creeks. The head­
waters of the former,streams ’i°e at the escarpment of the higher terrace; 
those of the latter at the escarpment of a still higher terrace, outside 
the area mapped.
1. • The several terrace deposits, Plate 2, were laid down by the 
Mississippi River between periods of glacial advances. This fact is 
supported by reconstruction of old Mississippi meanders on the higher 
surfaces which are sinilar in detail to drainage patterns on the present 
floodplain as is shown in the appendix. It should be noted that the 
thickness of recent alluvium is practically identical to the thickness 
of ihe older terrace deposits. The significance of this fact is also 
discussed in the appendix.
12. RELATIONSHIP of TERRACE DEPOSITS to TOPOGRAPHY": The relation­
ship of the several formations to the topography of the region and^the 
details of the different deposits oxposod, are presneted in the East- 
West and Uorth-South cross section profiles, (Plates 3 & 4). These
5.
profiles indicate that the higher formations are extensive deposits of 
the Mississippi River and that the lower deposits, (the Prairie For- 
itfation), are local sequences derived from the old and adjacent higher 
formations. Because the Recent formation has a thickness similar to 
the higher formations add as its gradational sequence is identical to 
those underlying the higher terrace surfaces, it is considered that 
both of the higher terrace formations, (Bentley, Montgomery), had the 
same mode of origin. It is believed therefore, that the terrace 
formations are uplifted ancient alluvial sequences of the Mississippi 
River.
13. FLOODPLAIN: The floodplain surface of the Mississippi River 
and its tributaries form the upper part of a depositional sequence 
■which grades downward from modem floodplain silts to basal asand, and, 
or gravel deposits. This graduational sequence is reformed to as the 
Recent formation. Borings at the Arkabutla damiste and many others in 
the Mississippi alluvial valley, indicate a thickness varying from 80 
to 120 feet in this lattitude.
ld« PRAIRIE FORMATION. The lowest terrace formation, the Prairie 
Formation, is found only as remnants flanking the valley walls of the 
main streams. The basal contact between gravels and Tertiary depos­
its is not exposed, but borings through these deposits show a similar 
gradation from fine material through coarse deposits and a similar 
thickness.
15. MONTGOMERY FORMAT1011. The next highest sequence of deposits, 
the Montgomery Formation, has its basal gravel-Tertiary contact at an 
elevation varying from 195 to 205 feet in this general area. The 
upper part of this formation (Silts and Clay) is less eroded than the 
higher terrace and is found in loess-capped ridges at an elevation vary­
ing here from between 300 and 320 feet* The thickness of this forma—
6tion, -therefore, -varies between 9t> and 125 feet.
16• BEKTLEY FORMATIQh. The highest sequence of deposits in this area, 
the entley Formation, has a contact between its basal gravels and the 
underly-'ng Tertiary sediments at elevations from about 295 and 310 feet.
A few contacts were found lower but they were in valleys and indicated 
recent erosion. Contacts are shown on Plate 1 in smg.ll circle, color­
ed blue. As the upper surface of this formation ranges in elevation 
from 400 to 415 feet, the thickness therefore varies from 105 to 120 feet.
17• GEOLOGY. The geology of the Coldwater area is directly related 
to the distribution of the different terrace surfaces. Each surface 
is underlain by a sequence of sediments which grade upward from basal 
sands and gravel through sands and loams into silt loams and clay loams 
in or near the top of the depositional sequence, definitely indicating 
finer and finer grain size up-ward through the deposits. /
18. A brief description of the general geologic history of the Glac­
ial Stages and their effect on this area is included in Appendix I, with 
a description of the methods used in mapping the terrace deposits and the 
reconstruction of drainage peculiarities.
19. DALIS ITS. The site of this dam is on the Coldwater River and ex­
tends some 6000 feet in length from the N. W* \ Sec. 11, T 4 S, R 9 west, 
Tate County to the S. E. Sec. 35 - T 3 8, Range 9 T.est, DeSoto County, 
I/iss. The dam will be a rolled fill structure averaging about 70 feet 
in height.
20. PROBaBLE CAUSE OF EXISTENCE. On both abutmants, the basal zone 
of the Montgomery Formation has been cemented to form a conglomerate a- 
bout 6 feet in thickness. It extends along the lower slopes of hills 
on both sides of the river up to about elevation 218 feet, (Plate I)•
Being much more resistant to erosion and disintegration than the uncon­
solidated material, the conglomerate has probably been the reason why
7the valley is narrower here, and forms the only logical site for a dam 
on Coldwater River.
21. TRRRAC3 D3F0SITS - R3AS0N FOR SCARITY OF BORROW MATERIALS.
Loess, with a grain size of the silt and' silt loam types of soil, man­
tles the entire watershed of the Coldwater River. Naturally this mat­
erial is dominent in the floodplains of the streams, and wanting in the 
larger grain sizes or pervious' soil types. The only place coarser 
material occurs is in the floodplain some 25 feet below the valley floor. 
Thus, from an economic standpoint, the lack of coarser material prevented 
designing a rolled fill, dam with pervious shell and an impervious core, 
which would have been preferred over the one composed of material with
a narrow range of grain size; also, due to the impervious material that 
is to be used for the dam that forms the foundation, unusual drainage 
facilities had to be provided for draining both the dam and the founda-. 
tion to take care of consolidation of the foundation and underseepage.
22. SAMP AND GRAVEL CONCENTRATIONS. Still another feature is a 
great concentration of the basal sands and gravels in areas under both 
abutments. It is thought that those sporadic deposits were laid down 
on the upper ends of loops of advancing meanders, such as is taking 
place today in the Mississippi River Floodplain. This was not verified 
in the field as only road profiles were run, which would not show this 
relationship. If one will.refer to profile 60, Plate 4, it is very ev­
ident that the Coldwater River has reworked the basal zone and dropped
down some 70 to 80 feet. All of the several profiles of borings across 
show »ithe valley and has been redeposited in layers or lenses large and small, 
lower dorm. In doing this, the material has been reworked and resorted 
many times and the finer materials removed. This even includes the 
iron stains so evident on the surface exposures observed at numerous 
places. The final result is that these beds may have lost much of their
8clay content and have become highly pervious, the most favorable con­
dition imaginable for excessive underseeoage with a 60 foot head of 
water impounded above it.
23. UNDBRSBaPAGB—  SUGGESTED CORRECTION HH1ASURBS. In a flood control 
dam, such as this project, the loss of water by. under seepage would not be 
detrimental unless it became excessive and formed channels in the pervious 
beds beneath the floodplain and abutments. It is quite possible thax suet 
a condition may never occur, but as a precaution, an impervious blanket • 
should be placed over all exposed beds of sand and gravel on the abut­
ments or upstream from the dam in channel of the river, or that suitable 
drainage be provided to allow for exposed surfaces. A few years after j 
completion of the dam, fines from impounded water will, no doubt, settle 
in the lower part of the reservoir where the greatest danger exists and 
effectively seal off the pervious beds.
24. CONSTRUCTIOM MATERIALS -SAND AND GRAVEL. The large beds of sand 
and gravel that have been deposited in the vicinity of the site, while 
they may be a liability, they are also a valuable asset. About 1,000,000 
cubic yards of pervious materials are needed on this project, and since 
it exists locally, it means a large saving to obtain it there rather 
than to bring it in from great distances.
25. COHCLUSIOITS. In the previous paragraphs (19 to 24) it would be 
apparent that the terrace formations directly or indirectly are of con­
siderable exonomic importance. Had there been a complete geologic sur­
vey of this aria prior to the letting of contracts, it might have per­
mitted a more logical estimate of conditions at the dam site. Know­
ing the probable location and extent of the basal beds in advance of 
detailed exploration would have been very helpful in laying out explor­
ations in the most efficient manner, Both for borrow area prospecting 
and for designing against excessive under seepage. It would have per?- .
9mitted -fche government and the contractor a more concise idea of the 
actual surface and sub-surface conditions, which in turn would have per­
mitted a better solution of the several problems.
26. It is suggested that a study of this nature be made of future 
sites after the preliminary boring program has been made, as their logs 
are the most accurate and valuable type of sub-surface information to 
accompany surface mapping; and the surface mapping would be a valuable 
aid in the lay out of the final boring program.
27. Appendix 1 which follows, goes into more details as to the his­
tory of the Glacial Stages, their effect upon topography and drainage 
and of the origin and extent of the terrace formations. It also des­
cribes possible methods of locating where large gravel deposits, etc. 
may be expected.
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HISTORY OF THE TERRACE FORMATIONS AND A DESCRIPTION 
OF THEIR STUDY* AN1) kApPll'iff ‘
1# GENERAL. The "Terrace Formations" which occur in the lower 
Mississippi River valley are directly related to glacial phenomenon 
which greatly affected the topography and drainage of Northern United 
States and Canada. It is believed that a description of the various 
stages of glaciation will give a clearer understanding of the terrace 
formations that occupy the southern part of the Mississippi River 
Valley.
2. ORIGIN OF ANCIENT ALLUVIAL SEQUENCES. The alluvial formations 
outcrop one above the other like a series of steps perched above the 
modern floodplain. The elevations of these floodplains must have re­
sulted from the uplift of the continent. In Louisiana, each terrace is 
known to plunge seaward and to be buried by younger deposits. In this 
-region, however, the uplift of the terrace formations has not been 
accompanied with such steep tilting. Here each terrace surface slopes 
seaward at the same rate as that of the modern floodplain. Fisk (6) 
0.ceounts for the steep dips near the coastline of Louisiana by appeal­
ing to downwarping of the formations beneath the tremendous deltaic 
loads of sediment. In continental regions removed from the deltas, 
such as the area under discussion, is a compensating uplift for the 
downwarp at the delta. His conclusions appear to be supported by a 
very steep increase in dip of the lower terrace surfaces about the rim 
of the Mississippi delta. His conclusions are also supported by the 
fact that the vertical intervals between the terrace surfaces in this 
region, are similar to those present elsewhere in the upper Mississippi 
valley.
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Because -the alluvial terraces are separated by definite vertical 
intervals, it is obvious that they muct have resulted from periodic 
development and not as a. continuous unit of deposition. The fact that 
xhese deposits were periodically formed is ably supported by evidence in 
the area under consideration. Each deposit (a.lluvial sequence) was laid 
down in a valley cut in older sediments. The eastern wall of the valley 
cut after tne deposition of the Bentley formation is shown in the two 
east-west profiles (Plate 3 and on the lower profile, Plate 4). The 
Dotwom of this wide valley is only slightly irregular and is very similar 
to the bottom of the Mississippi River valley as reconstructed from logs 
of borings. Briefly, the alluvial sequences and the valleys in which 
they were deposited represent an alternation of cutting and depositing 
by the Mississippi River, and its tributaries. Only one alternation o'* 
physical conditions in the geologic past seems capable of accounting 
for this change.
-• has long been known that during the Pleistocene or Glacial
Ice Age there were five distinct advances of continental ice. As will 
be snown in the following tables, each ice advance covered enormous 
areas oi the world, and then melted, only to reappear again and again. 
Glaciers could not accumulate ’unless water necessary for their formation 
could be -oaken from the sea. Consequently, during ice advance sea 
level was being constantly lowered and streams were continually cutting 
down to meet lowering sea levels. During this time, called Glacial 
Stages, the great valleys were cut. Wit retreat of the glaciers by 
melting-of the ice, stages of interglacial time were established and 
sea levels '-'ere raised to their previous level and valleys were filled 
with sediment. Since few engineers are familiar with the Glacial 
Stages, the writer has attempted to compile from recognized sources
siich data as to permit some idea of the vast extent of the ice sheets "
9
13.
and of the profound effect t h e y  have had on drainage tho world over.
The following references are quoted with a few revisions and additions* 
Figure I shows the locations of the four great ice centers in North 
America and their maximum extent.
5. (2), Pages 866-867. ”In North America five periods of ice ad­
vance are indicated by the glacial deposits and at least four interven­
ing periods of milder climate by the interglacial periods. The Holo­
cene* or present period of restricted glaciation is sometimes consider­
ed as representing the fifth interglacial period. The succession of 
glacial and interglacial periods and their deposits in North America is 
as follows:
5. Post Glacial or Recent* (HOLOCENE), Dwindling away of the ice 
sheets* partial submergence of St. Lawrence and Lake Champlain 
region; dgvelopement of Great Lakes and present floodplains; 
extinction of giant mammals, (elephants, mastodons, etc.)
V. FIFTH or WISCONSIN GLACIAL STAGS.
4. Fourth or PBORIAK Interglacial stage: (PRAIRIE FORLIATIOK^.
Peat and soil formation, extensive distribution of loess.
IF. FOURTH or IOWAN GLACIAL STAGE .
3. Third of SANGOMON Interglacial stage: (MONTGOI.IERY FORMATION).
Peat, soil and loess accumulations; fauna includes horses, ele­
phants, mastodons, bison, peccaries, tapirs, etc.
III. THIRD or ILLIHOIAN GLACIAL STAGE: Fauna of preceeding inter­
glacial stage continues to exist. Perhaps QOfo of present land 
fa.una then living.
2. Second or YARMOUTH Interglacial stage: (3ENTLEY FORMATION).
Peat, moss end loess, (bluish formation). Fauna includes mast­
odons, mamm&uths, horses, tapirs, bison, deer, saber toothed 
tiger, etc.
IX. SECOND or KANSAS GLACIAL STAGE. Extinction of some of the
3A.
“ camels and horses.
1. FIRST OR AFTONIAK III I ERGLAC IAL STa GE: (WTT.T.TARA FORMlTION) . 
Fauna abounds in mylodons, megatheriums, rae gal onyx, mas'bodons, 
elephants, (3 species), hoi'ses, (6 species), camels, (4soecies), 
saber-toothed tigers, bears, etc.
1. FIRST OP PEBRASKAN, OR AFT ON I All, OR JERSEYAN GLACIAL STAGE of 
ATLANTIC COAST AND ALBERTAN OF CANADA.
The complete series of glacial stages is not found in any one place, 
for in ' given region seldom more than.two or three glacial tills 
"with tneir interglacial deposits are seen. But by comparing the 
character of the deposits, and especially the fauna of the inter­
glacial beds in different localities, the complete order of 
succession may be ascertained".
6. (1) Pages 646-647. "North America (Figure l) was more extensive­
ly affected by glaciation then any other part of the world, about 4,000,
.000 square miles being covered by ice at the bimo of its greatest extent- 
ion. Two particular features are especially striking in the distribution 
of che North American ice sheets: (l)the greatest extent of the ice was 
in bhe west and northwest, and (2) the northeastern portion of the con­
tinent, rather than the northern, was the scene of maximum glaciation, 
even Alaska being largely free of ice.
7. 'The great ice sheets moved in all directions from the three 
great centers and probably to some extent from other smaller ones, as is 
proved oy che direction of the striations on the underlying rocks, and 
the courses along which the bowlders were carried. These three great 
centers of radiation were: (l) that situated in Labrador (the Labrador­
ean), (2 ) that just west of Hudson Bay (the Keewatin), and (3) that in 
tne ./escern mountains (che Cordilleran)• The greatest extent of the 
Labradorean ice sheet was to the southeast, where it stretched 1600
miles south of the center. There was also a movement north 'from this - . 
center, but it is not known to have been nearly so extensive. This ice 
sheec, an ius greatest expansion, crossed the Ohio River into Kentucky 
and extended into southern Illinois®
8® 1 The Keevratin ico sheet extended almost as far southward as the
Labradorean, its front at one time being in Kansas and Michigan, about 
15Gu miles from its center® The movement of the Keewatin is remarkable 
sance, beginning in a low flat region, which is now semi-arid, the ice 
moved upgrade into the United States® This is more astonishing when we 
fxnd that the Cordilleran sheet, starting from the lofty mountains of 
western ilorth -America, apparently failed to move beyond their foothills® 
The Cordilleran ice sheet, should, perhaps, be considered as the product 
of confluence of mountain glaciers spreading out as they reached lower 
and less rugged ground, much as some Alaskan glaciers do today*11®
9* development of the Ice Sheets® “The great ice sheets, with the 
probable exception of the Cordilleran center did not begin as mountain 
glaciers which by their coalesence become one great glacier, but were 
the result of gradual accumulation of snow in the north due to lowering 
of tempe rature•
10® 1 It has been held that the great ice sheets were- several miles
thick at the various centers, from which point they gradually thinned 
toward the margins® A study of the Greenland and Antartic glaciers 
shows that such is not the case, but that the thickness of the ice not 
far grom the margin is practically the same as that at the interior, the 
surface of which is a comparatively level plain.
11® *The slopes of the sides of the tongues of ice that reached 
dorm the Ailegeheny River somewhat beyond the margin of the main sheet 
varied from 100 to 130 feet a mile, and the average slope of the Hudson 
Valley has been estimated to have been between 25 and 30 feet a mile®
16
Even the smaller of these figures v;ould make an enormous thickness for 
the ice sheets at the centers, if the slopes v;ere uniform* Since the 
ice in Illinois is known to have reached 1500 to 1600 miles south of the 
center of accumulation, an average slope of 25 feet a mile would, of 
this basis, give a thickness of about eight miles at the center* It is 
probable, however, the slope was not nearly so steep some distance back 
from the margin* When this is taken in connection with the fact that 
the thickness of the ice near the margin was probably the same as that 
at the center, a much less depth is obtained th-^ n on the former esti­
mates* Upon any basis, however, the thickness must have been great*
In Mew England, for example, the ice was so thick that it passed over 
the Green Mountains where they are 3000 to 5000 feet high, in a course 
diagonal to their general direction, showing that such a mountain 
range scarcely made a ripple on the surface*11* (Tarr)*
12* MAXIMUM BXIEHT OF GLACIATION* In addition to the some four 
million square miles the ice srieets occupied on the Lorth -onericun con­
tinent, reference (l) page 644 states, "The lowering of the tempera­
ture resulted in the accumulation of ice and snow several hundred to 
several thousand feet thick, which spread over some 6,000,000 to 
3,000,000 square miles of the earth’s surface, especially in the north­
ern hemisphere"• This is but a brief summary of the extent and thick­
ness of the great ice sheets*
13. LOWERED SEA LEVELS - EhTREi^CMlJIMT-DEG^D^TIOK* It should be 
appropriate, however, to present a view of the tremendous weight of ice 
on the continent and the removal of a great volume of water from the 
ocean basins *^ The amount of water withdrawn from the oceans during each 
glacial stage has been reliably computed to have been sufficient to have 
lowered sea level about 300 feet* with this lov/ering, streams were 
forced to entrench their va.lley, and the effect was to make the topo—
17
graphy more rugged.
14. MORMA.L SEA LEVEL - AGGRADATION. During the interglacial stage, 
with the melting of the ice sheets, entrenching gradually changed to 
building up, and each of the terrace formations was deposited. At the 
maximum point of melting, these terrace surfaces (floodplains were 
greatest in extent.
15. LOESS. The continuity of the size of the material of each ter­
race sequence grades upward from basal sands and gravels to finer d 
finer materia,! (loess), (silt and silt loam). It appears to form the 
upper portion of each terrace formation and has puzzled many geolo­
gists as to its origin. Clark (9), page 512, ably describes the loess, 
"The more striking pecularities of the loess are its light color, its 
extremely fine state of subdivision, the angularity of its particles, 
its lack of stratification, its coherence and its porosity". (Several 
analyses showed over 50$ quarts).
16* More recently, with much study of the loess in Louisiana and 
Mississippi, R. J. Russell (4) states: "Flood plain silts now reach 
an eleva.tion of about 5CC feet in the southwestern corner of the state 
of Mississippi, about 100 miles north of the shore of the Gulf of 
Mexico* These materials exhibit all the characteristics of deltaic 
and floodplain deposition, including the fossil content outlined 
above* That some of them have been called loess and attributed to 
aeolian (windblown) origin is a matter of confusion. he inclusion 
of numerous lenses of crossbedded gravels and sands, even in the most 
typical loess; the presence of a fauna exactly like that of the flood- 
plain, and the distinct correlation between the distribution of the 
most loess-like facies with sharp relief, where adequate dra.inage is 
provided for transformation of silt into loess; is enough to thorough­
ly disprove an aeolian origin. Where silts are not dominate, though
18
other conditions be favorable, 
sand, gravel, or clay, sinilar 
the original surfaces of these 
terrace sequence under discuss 
17. Geologists are fairly 
Continental glaciers in moving
the uplifted materials are not loess but 
to that deposited in floodplains. It is 
old floodplains that now constitutes the 
on".
roll greed on the source of the material, 
slov.'ly away from the'r centers possess the
ability to scour, grind, pluck, and push ahead the underlying bed roch on
a larger scale than any other known agency. In the areas over which they 
noved, the bed rock is igneous or composed of thick bedded limestone'' and 
shales, o.ll high in quartz content, from which are derived practically 
all of the gravel, sand and hard particles of th silts ana clays, 
action of 'che glaciers is to produce rock flour (freshly ground angular 
rock particles) which gives a milky color to the stre s emerging ora 
beneath our present day glaciors. Thus, there s apparently an adequa-te 
source of the material that was used in forming, in part, the terra e 
formations•
13* Dd?OkI Iff I Or:. The enormous weight of great mao se s of the contin­
ental ice sheets caused a differential subsidence of the areas which 
they occupied with a subsequent rebound when the ice melted* The ce
did not, however, return to its former level* Tremendous volumes of mat­
erial wex'o deposited in the delta areas of each of the interglacial 
stages, causing a great subsidence in this area with a compensating c n- 
tinental uplift inland. These deltas occupied different areas with suc­
ceeding stages and caused additional uplift ea time, as is proven by 
the vertical intervals between the terrace surfaces. t the uplift was 
continental is proved by the fact that the intervals are approximate1 
the same in southern Illinois and 1. issouri as they are in Ids sis 'p;:i
and Louisiana*
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IS. GLACIAL AND DELTA LOADING. The big difference between the 
areas covered with ice sheets and the deltas into which many cubio 
miles of material were deposited is that in the former, the load was 
periodically applied and then released, but that in the latter the 
load is constantly increasing even to this date.
20. CHANGES IK TOPOGRAPHY. A few of the great changes in topo­
graphy caused directly by the glaciers on the east coast are the for­
mation of Cape Cod, Marthas Vineyard and Nantucket Islands, as well . 
as Long Island, all made up glacial moraine deposits. The thousands of 
lakes that dot southern Canada and the northern states of this country 
and all of the Great Lakes were formed following the retreat of the 
glaciers, and of course the terrace formations that cover practically
all of the Mississippi River basin, roughly south of the Ohio and
*
Missouri Riversj in which we are more interested.
21. RECONSTRUCTED DRAINAGE PATTERNS. The general method used in 
reconstructing drainage patterns is that used by Dr. _T. :<• if’isk (o) 
in the Mississippi Alluvial Valley of central Louisiana. Dr. i‘isk 
mapped tho many old courses on the floodplain and studied the relat­
ionship of modern drainage to the channel irregularaties in the 
abondoned courses. These studies made possible the identification of 
relict, (relics) Mississippi River meanders in he Avoyelles hills, 
Louisiana. Criteria used in that study are found applicable to
the Coldwater area as is illustrated in figures 2, 3, 4, and 6.
The terms applied to the various drainage phenomena illustrated in 
the above figures may be listed as follows:
Point Stream, (dendritic drainage)
Crossings
Rim swamp streams
Single and paired arcuate streams
Backslops drainage 
Multiple arcuate drainage 
Crevasse streams
Sharp ourns in streams at edge of old channels 
ihe aoove listed stream names are those originally used by Dr. Fisk 
and Dr. F. J. Russell (6). Authority for the first use of these stream 
names are indicated by initials (in parenthesis) on the above figures. 
The lagures illustrate close similarity between modern IUssissi pi 
Drainage patterns and the adjacent drainage patterns on the te race 
surxaces in thxs area. It is by those several means that the meander
patterns have been determined on the Horn Lake and Crenshaw Quadrangle , 
Plate 5.
22 • DRAINAGE PATTERNS, MONTGOMERY SURFACE. Mussacuna Creek and 
Johnson Creek, both on the Montgomery surface are ideal point streams, 
draining the inside of meander loops. Other examples of point drain- 
age are 'do 11 and Rock Creeks and, very probably, the streams all 
developed on the Montgomery su.rfa.ce and arc of tha.t a.ge. here are 
indications of several other small streams on this surface that appar­
ently were developed at about his same tk' e for tho same re son.
23• BEiiTLFY SURFACE. Due to the fact that the next itrher surface, 
the Bentley lormation, is smaller in area, the point streams are not 
so numerous. However, Sanders Branch, south of the mouth of Stray- 
hown Creek is an excellent example, and the headwaters of Strayhorn 
Creek also show dendritic branching. The devel pment of both these 
streams pro ably took place in early Bentley times, but criteria for 
determination of the meander loops which they drained has not been 
preserved. ter, however, but still of Bentley age, the loop shown 
around Strayhorn and Egypt Creeks developed and still later this was 
broken by a natural cutoff, so typical of similar loops in the Miss­
21
issippi i'iver floodplain.
24. Golav:ater livsr, as far - s may be ascerta’ned from the rather 
small area mapped, appears to have been an active tributary of the old 
Mississippi R*vcr in early Bentley times or earlier as it has broken 
t rough the escarpment. This would hold true a.s well for the tributary 
streams that feed the river upstream from the roint where it turns nor h- 
wes abouo 4 rules west of the tov/n of Goldv/ater • It is concluded also 
that the streams originating in the Montgomery—Bentley escarpment are 
younger in age than those on the Bentley surface.
2d . The Coldwater River at one time joined the Mississippi west of
where it flows through the escarpment. It now flows south in the Miss­
issippi River floodplain and has its confluence with the Little Talla­
hatchie River about 2 miles east of the town o" ambert, some 38 miles 
below its original confluence with the Mississippi. The evidence of 
~ust ivnen this change ox watersheds took place is in the many, many 
meander loops of the common floodplain of the Yazoo and the Mississippi
River.
26. iUpblbgiPl-I RIVES RLOODPLalD; S^CALPMiglllT. iSvidently the Mississ­
ippi River at one time occupied the several terrace sxirfaees. A num­
ber of t e meander patterns on the Montgomery surface are broken by
the escarpment at the east edge of Mis •'issippi River floodplain. Con­
tinue entrenchment and impingement by the river as it meandered across 
its floodplain has left the present scalloped escarpment, rising quite 
abruptly 100 feet or more above the floodplain. A similar condition . 
must have existed in forming the old Montgomery-Bentley escarpment, 
(rlate 1—a ).
27. In studying the drainage to the south of the area, the head­
waters of Hickaliala Greek and its principal tributary, Senatobia Creek, 
a most interesting situation vcs found (Tig. 6). This drainage
22
^parallels with -consistant symmetry in a northwest c, that of* Arka- 
hutla Greek and Strayhorn and Bgypt Creeks. Drainage to the north and 
northwest, w ere the general flow is to the south and southwest is most 
unusual in this area. The most logical reason f*or this condition would 
oe that tnese screams are following ancient channels that have cut down 
from a higher terrace.
28. Unfortunately, adequa.te maps which must show the most minute 
details of the drainage to permit a reconstruction of the older drainage 
patterns are not available. Stream peculiarities as shown on Plate 5 
were continued into the Memphis quadrangle on the north and into the 
Crenshaw quadrangle on the south. That similar patterns exist over the • 
rest of the area to the east would certainly be expected. In mapping so 
small an ares, of these terrace deposits that cover hundreds of thousands 
of square miles is like reading the preface of Genghis Khan. Much of the 
drainage of this area extends beyond the limits of the region studied and 
relationships are not known.
29. SUMMARY. Paragraphs 25 and 26 of the body of this report, briefly 
summarizes the economic possibilities and advantages of this type of
g ologic mapping of local areas.
30. wever, drainage is regional and it is believed that a compre­
hensive program of mapping the alluvial valley from Cairo to the Gulf 
would permit a much more thorough knowledge of the many changes m  the 
coarses of the Mississippi Ri er and its tributaries.
31. The work that has been done in Louisiana on the reconstruction 
of old meander patterns of the ccdplains of the several majoy streams 
is almost astounding. It has provided a knowledge of shifting c urses 
of the Mississippi, Red, Arkansas, and Ouchita Rivers and their rib- 
utaries and the relative time when these changes were made, as well
> as the cause of the changes. (Louisiana Geological Survey Bulletins
7, 9, 10, 17, and 18)
23.
32  No doubt, the criteria 
patterns are applicable to the 
the value of knowledge obtained 
assistance in consideration of 
control problems.
used in establishing the old drainage 
whole floodplain of any large river, and 
from such studies would be of great 
comprehensive drainage, erosion, and flood
Pinckney R. Mabrey, 
Junior Engineer.
January 18, 1941.
